Of particular interest are the profiles of E (see Fig. 1 The procedure of the paper is the following: the nonlinear magnetization characteristic is first approximated by a polynomial (this is needed for the direct harmonic domain analysis of systems with nonlinear components); then the laminations are discretized (into so called "sublaminations") and the related Maxwell equations are written in discretized form; these equations are then linearized, expressed in terms of incremental harmonic variables and solved by Newton's method.
Profiles
Of particular interest are the profiles of E (see Fig. 1 ), since E directly related to the eddy current losses. The observed undulations on the otherwise almost linear profiles of E cancel out in the calculation of losses by the approximate equations of the next section.
Calculation of Iron Losses
A simple approach for the calculation of the losses due to eddy currents only is based on the observation, discussed previously, that the profile of E is linear, or almost linear on the average. With this assumption,
The paper gives a detailed analysis of the space and time distribution of the field variables B, H, and E inside saturating laminations, using the harmonic domain modeling method of Ref. 111 . A simple way has been devised for the representation of hysteresis. It is shown that saturation distorts the linear space distribution of the eddy currents but the assumption of linear distribution still leads to a very simple method for eddy current loss calculation which is remarkably accurate at 60 Hz.
The procedure of the paper is the following: the nonlinear magnetization characteristic is first approximated by a polynomial (this is needed for the direct harmonic domain analysis of systems with nonlinear components); then the laminations are discretized (into so called "sublaminations") and the related Maxwell equations are written in discretized form; these equations are then linearized, expressed in terms of incremental harmonic variables and solved by Newton's method.
The results of the paper are presented in two main sections. The first gives the space and time variation of the field variables and the effect on modeling of such factors as the applied input variable, truncation of harmonics, discretization of the laminations, and saturation level. The second where En,RMS represents the RMS value of E at the surface, calculated as the root mean square of the peak values of the harmonics.
Conclusions
The paper gives detailed and comprehensive insight into the space and time distribution of the field variables, B, H, and E, which describe the phenomena in a saturating laminated iron core. Such accurate and complete representation was previously not available because of the lack of an adequate method of analysis in the harmonic domain.
It appears that even though saturation renders B practically constant, the variation of E is less close to linear than in the unsaturated case. Still, the assumption of linear distribution of eddy currents leads to a very accurate and simple approach for the calculation of eddy current losses at 60 Hz.
Discretization into sublaminations is essential for the satisfactory analysis of the phenomena in laminations and calculation of losses. The method of the paper gives accurate and reliable values for losses at any frequency and saturation level and is thus useful for the calculation of some periodic phenomena as for instance ferroresonance. In the present paper, new impedance and admittance formulas of a closed form, are derived for a non-parallel conductors system illustrated in Fig. 1 . Next, it is proposed to use the GMD (geometrical mean distance) as an equivalent distance to evaluate the impedance and admittance of the non-parallel conductors applying existing simple formulas of the impedance and admittance for a parallel conductors system. Using the equivalent distance of the GMD, calculations of impedance and admittance of a non-parallel conductors system is quite easily carried out with a pocket calculator. Fig. 2 shows a comparison of impedances calculated by the proposed formulas, by the conventional arithmetic mean distance (AMD) and also by the Committee of Electromagnetic Induction of IEE Japan. From the figure, it should be clear that the proposed formula and the equivalent distance of the GMD give a satisfactory accuracy compared with the accurate solution and the result given by the Committee. The accuracy of the AMD approach is not good enough. The accuracy of the AMD approach decreases as frequency increases, while the proposed formulas give an enough accuracy upto 1 MHz.
Next, transient calculations are carried out using various line models of the non-parallel conductors given in Fig. 3 . Calculated results of maximum induced voltages on conductor "b" (communication line) during various kinds of transients are given in Table 1 : From the table, it is observed that models Al, B1, and Dl, which represent the non-parallel conductors by only one distributed parameter line, give a poor accuracy compared with the result calculated by model A 10 which is the most accurate model based on the impedance and admittance derived in the paper. The reason for this is that the mutual impedance at every small section of the nonparallel conductors is different from each other. Fig. 4 shows calculated waveforms of transient induced voltages during a conductor "a" (power line) to ground fault on the system illustrated in Fig. 2 (a) . The result by model B 10 are observed to agree well with that by model Al0. Thus, model B10 which is based on the GMD approach gives a fairly good accuracy.
From the investigation about transients on the non-parallel conductors system, the following conclusions are obtained.
1) The conventional steady-state approach of electrostatic and magnetic induction analysis on a non-parallel conductors system cannot be applicable to its transient analysis.
2) In the transient analysis, the non-parallel conductors have to be divided into a plural number along the line to include the oblique effect due to the different mutual impedance of each small section.
3) The oblique effect of the non-parallel conductors is to increase a transient induced voltage at the sending end until a traveling wave reflected at the receiving end comes back. This is due to the different mutual impedance at every small section of the line.
4) The transient induced voltage and current are much greater than those in a steady state. 
